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ABSTRACT 
Spectral  data gathered by AIS-2 from wetlands i n  the San Francisco 
and S u i s u n  Bays, Cal i forn ia ,  on 1 1  September 1986 were analyzed. Spectra 
r e p r e s e n t i n g  s t a n d s  of green S a l i c o r n i a  v i rg in ica ,  green Sesuvium 
verrucosum, senescing D i s t i c h l i s  sp ica ta ,  a mixture of senescing Scirpus 
acutus and Scirpus ca l i forn icus ,  senescing Scirpus paludosus, senescent 
S. paludosus, mowed senescent S. paludosus, and s o i l  were i so la ted .  No 
difference among narrow-band spec t ra l  ref lectance of the cover types was 
- 
apparent between 0.8-1.6pm. There were, however, broad-band differences 
i n  brightness. These differences were s u f f i c i e n t  t o  permit a f a i r l y  
accurate decomposition of the  image i n t o  i ts  major cover type components 
using a procedure tha t  assumes an additive l inear  mixture of surface 
spectra .  
I N T R O D U C T I O N  
The primary object ive of our s t u d y  is t o  compare AIS spectra  of 
various wetland vegetation types. Ultimately, we hope t o  use imaging 
spectrometer data t o  ident i fy  vegetation types and t h e i r  s t a t u s  (e.g. 
green, senescing, s t r e s s e d ) .  Gross and Klemas ( 1  985, 1986) reported 
differences i n  the AIS-1 spec t ra l  response of Delaware wetland vegetation 
types,  enabling them t o  be distinguished. Most of the spec t ra l  d i f fe r -  
ences occurred between 1.4-1.9pm, and may have been influenced by second 
order overlap (Vane 1986). To continue these invest igat ions,  we analyzed 
AIS-2 da ta  collected over i n t e r t i d a l  w e t l a n d s  i n  t he  S u i s u n  and  San  
Francisco Bays of Cal i fornia .  The vegetation i n  the Cal i fornia  marshes 
exhibited greater  s p a t i a l  and community heterogeneity than t h a t  i n  the 
Delaware marshes. 
DATA A C Q U I S I T I O N  A N D  ANALYSIS 
Three f l i g h t l i n e s  of AIS-2 data were acquired i n  Tree Mode (0.8- 
2.2pm, w i t h  the useful region [ i . e .  no second order overlap e f f e c t s ]  
approximately 0.8-1.6pm) on 1 1  September 1986 a t  about 2 1 : O O  GMT: one 
over s a l t  marshes i n  the southern part of San Francisco Bay, and two 
covering the brackish S u i s u n  Marsh i n  S u i s u n  Bay. W i t h i n  a few days 
preceding and following t h e  date of f l i g h t ,  spectra  of various wetland 
s o i l s  and of green, senescing, and senescent (dead) wetland vegetation 
species were obtained from f i e l d  samples u s i n g  a VIRIS (Visible/Infrared 
I n t e l l i g e n t  Spectroradiometer). One t o  four samples of each cover type 
were obtained. I n  addi t ion,  accessible regions of the marsh were v i s i t e d  
by car and on f o o t ,  permitting mapping of the various cover types and 
observations of s i te  charac te r i s t ics .  Four days a f t e r  the f l i g h t ,  photo- 
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graphs of the f l i g h t l i n e  areas were taken from a low-altitude a i r c r a f t  
and used t o  ident i fy  surface cover. 
The AIS data were analyzed a t  the Space Sciences Laboratory of the 
University of Cal i fornia  (Berkeley) u s i n g  SPAM (Spectral  Analysis Manager) 
software developed by the J e t  Propulsion Laboratory. No radiometric 
cal ibrat ion had been applied t o  the data by J P L .  Observation of the raw 
data revealed subs tan t ia l  v e r t i c a l  s t r i p i n g  and geometric d i s t o r t i o n s  
resu l t ing  from a i r c r a f t  movements. Horizontal s t r i p i n g  was not evident.  
We chose t o  analyze a portion of the f l i g h t l i n e  encompassing par t s  of 
Joice and Grizzly Is lands i n  the Suisun Marsh ( F i g .  1 ) .  T h i s  area was 
selected because i t  had been extensively groundtruthed and contained the  
majority of marsh cover types. The leveed wetlands i n  the s t u d y  region 
are  managed t o  optimize waterfowl h a b i t a t ,  such tha t  t i d a l  flooding and 
s a l i n i t y  are  control led,  t h u s  causing vegetation d is t r ibu t ion  and condi- 
t ion  t o  d i f f e r  between ponds. A t  the time of AIS data co l lec t ion ,  d r y  
summer weather and lack of t i d a l  flooding had resul ted i n  the  senescence 
of much of the marsh vegetation. 
P 
To Wolnut Creek 
Fig. 1 .  Location of S u i s u n  Marsh (area w i t h i n  thick s o l i d  l i n e ) .  
The area of i n t e r e s t  was divided i n t o  two 512-line segments and one 
400-line segment for  analysis .  One of the 512-line segments was f r e e  of 
large water bodies, b u t  the other two contained s igni f icant  portions of 
l a r g e ,  v e r t i c a l l y  oriented sloughs f i l l e d  w i t h  water. Analysis of the 
raw data demonstrated t h a t  the v e r t i c a l  s t r i p i n g  was too severe t o  permit 
a meaningful extraction of information. To destr ipe the image, a program 
t h a t  computes the mean data value for  an e n t i r e  scene i n  each spec t ra l  
band and then adjusts  the column mean i n  each band t o  match the corre- 
sponding scene mean value was employed. T h i s  program assumes t h a t ,  over 
the e n t i r e  length of the image segment, the mean brightness value is the 
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same f o r  each of the  64 columns of da ta .  T h i s  t e c h n i q u e  was e f f e c t i v e  
o n l y  on t h e  segment f ree  of major v e r t i c a l  water f e a t u r e s ;  we t h u s  chose 
t o  c o n c e n t r a t e  o u r  a n a l y s i s  on t h i s  par t  of t h e  data.  Wavebands beyond 
1.58pm (bands  73-128) were avoided  t o  minimize second o r d e r  o v e r l a p  
e f fec ts .  
RESULTS 
D e s t r i p i n g  the  AIS data r e s u l t e d  i n  a s i g n i f i c a n t  improvement i n  the  
v i s u a l  a p p e a r a n c e  of the  data ( F i g s .  2 and 3)  and i n  a s u b s t a n t i a l  reduc-  
t i o n  i n  the  n o i s e  of p l o t t e d  s p e c t r a .  To d e r i v e  spectra of v a r i o u s  cover  
t y p e s  i n  t he  image, t h e  mean s p e c t r u m  of 2x2 t o  5x5 p i x e l  samples  ( n  = 
3-14) of d i s t i n c t  v e g e t a t i o n  t y p e s  or s o i l  was computed and c o n s i d e r e d  
t o  r e p r e s e n t  the  s p e c t r a l  r e s p o n s e  of t h e  cover  t y p e .  The e i g h t  d i s t i n c t  
c o v e r  t y p e s  i d e n t i f i e d  were g r e e n  S a l i c o r n i a  v i r g i n i c a  ( p i c k l e w e e d ) ,  
g r e e n  Sesuvium verrucosum ( p u r s l a n e ) ,  s e n e s c i n g  D i s t i c h l i s  s p i c a t a  (sal t -  
g r a s s  )-=cing S c i r p u s  a c u t u s  and S c i r p u s  c a l i f o r n i c u s  ( t u l e s ) ,  
s e n e s c i n g  S c i r p u s  p a l u d o s u s  (alkali bulrush) ,senescent  S. p a l u d o s u s ,  
mowed s e n e s c e n t  S. . p a l u d o s u s ,  and d r y  s o i l .  A mean speFtrum f o r  t h e  
e n t i r e  image was-then approximated  by computing the  mean s p e c t r u m  of 
seven  evenly-spaced  10x64 segments  from the  image. These n i n e  spectra 
were stored i n  a l i b r a r y .  
-~---- ~ - _ _ -  
F i g .  2. Raw AIS-2 d a t a ,  1.27-1.35pm. 
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F i g .  3. V e r t i c a l l y  d e s t r i p e d  AIS-2 da t a ,  1.27-1.35pm. 
Spectra were d i s p l a y e d  i n  b o t h  n o r m a l i z a t i o n  modes (area and ampli-  
t u d e ) .  S p e c t r a  were compared w i t h i n  f o u r  g r o u p s  of wavebands s e p a r a t e d  
by atmospheric a b s o r p t i o n  f e a t u r e s :  0.80-97pm, 0.97-1.15pm, 1.15-1.44pm, 
and  1.44-1.58pm ( T a b l e  1 ) .  F i g u r e  4 shows spectra from the  c o v e r  t y p e s  
between 1.15-1.44pm, d i s p l a y e d  i n  a m p l i t u d e  n o r m a l i z a t i o n  mode. No narrow 
s p e c t r a l  band r e f l e c t a n c e  f e a t u r e s  were e v i d e n t  w i t h i n  any waveband 
segment;  o n l y  broad-band d i f f e r e n c e s  i n  b r i g h t n e s s  were a p p a r e n t .  
The VIRIS data  were a l so  d i s p l a y e d  i n  n o r m a l i z e d  a m p l i t u d e  mode, and 
t h e  s p e c t r a  were v i s u a l l y  compared amongst t h e m s e l v e s  and w i t h  AIS 
s p e c t r a .  Similar c o v e r  t y p e s  e x h i b i t e d  g e n e r a l l y  similar VIRIS spectra. 
There were some broad-band d i f f e r e n c e s  i n  b r i g h t n e s s  between species ,  
and  may have been some narrow-band d i f f e r e n c e s .  However, t h e  number of 
rep l ica tes  (n = 1-5) was too small, t h e  f i e l d  o f  view of the  i n s t r u m e n t  
( = l c m 2 )  i n s u f f i c i e n t ,  and the  l e v e l  of n o i s e  ( r e s u l t i n g  from wind,  
v a r i a b l e  i r r a d i a n c e  c o n d i t i o n s ,  and the  i n s t r u m e n t )  t oo  h i g h ,  t o  a s c e r t a i n  
whether s u c h  narrow-band d i f f e r e n c e s  were r ea l .  
To d e t e r m i n e  whether t he  o b s e r v e d  AIS b r i g h t n e s s  d i f f e r e n c e s  were 
s u f f i c i e n t  t o  p e r m i t  d i s c r i m i n a t i o n  of  cover  t y p e s ,  w e  r a n  t he  CLUSTER 
( u n s u p e r v i s e d  c l a s s i f i c a t i o n )  program, w i t h  and w i t h o u t  t he  llmanualll 
o p t i o n ,  s e v e r a l  times u s i n g  d i f f e r e n t  n o i s e  and c l u s t e r  t h re sho lds .  
Although t h e  a l g o r i t h m  d i d  create s e v e r a l  c lasses ,  t h e i r  d i s t r i b u t i o n  
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d i d  n o t  c o r r e s p o n d  c l o s e l y  t o  t h a t  of  t h e  cove r  t y p e s  and appeared t o  be 
l a r g e l y  random. I n  a d d i t i o n ,  some classes were composed o f  v e r t i c a l  
s t r i p e s  r e s u l t i n g  from unequa l  d e t e c t o r  r e s p o n s e .  
T a b l e  1 .  R e l a t i v e  b r i g h t n e s s  of e i g h t  w e t l a n d  cove r  t y p e s ,  d i s p l a y e d  i n  
a m p l i t u d e  n o r m a l i z a t i o n  and area n o r m a l i z a t i o n  modes. 
Cover D i s p l a y  
Mode .80-.97pm .97-1.15um 1.15-1.44um 1 . 4 4 - 1 . 5 8 ~  
, Type 
Green  
S a l i c o r n i a  
v i r g i n i c a  
Green 
S e s u v i  um 
v e r r  ucosum 
S e n e s c i n g  
D i s t i c h l i s  
sDicata 
Sen  es c i n g  
Sc i rDus 
a c u t u s  and 
S c i r p u s  
c a l i f o r n i c u s  
Sen  es c i n g  
Sc i r  us 
p a l u d o s u s  
Sen es c e n t  
S. p a l u d o s u s  
Mowed 
S e n e s c e n t  
S. - p a l u d o s u s  
Dry S o i l  
- 
Amp. 
Area 
Amp. 
Area 
Amp. 
Area 
Amp. 
Area 
Amp. 
Area 
Amp. 
Area 
Amp. 
Area 
Amp. 
Area 
*S. v i r g i n i c a  had the  lowest r a d i a n c e  between 0.98-1.04pm, b u t  the  
h r g h e s t  r a d i a n c e  between 1.05-1.1 lpm.  R e l a t i v e  b r i g h t n e s s  between 
c o v e r  t y p e s  s h o u l d  be compared f o r  similar d i s p l a y  modes w i t h i n  a 
column. F o r  example ,  between 1.15-1.44pm i n  a m p l i t u d e  n o r m a l i z a t i o n  
mode, mowed s e n e s c e n t  S.  p a l u d o s u s  was the  b r i g h t e s t ,  S. v i r g i n i c a  
and S. ver rucosum the darkest ,  and  t h e  o ther  f i v e  spec t ra -were  i n t e r -  
medigte and similar i n  b r i g h t n e s s .  
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Fig. 4.  Mean scene spectrum and spectra  of eight cover types,  shown 
between 1.15-1.44pm i n  amplitude normalization mode. 
-0-0-0- = mowed senescent S. paludosus, -t-A-A- = S. verrucosum, 
-m-m-m- = S. v i rg in ica .  The other s i x  spectra  >re  clustered 
between the-f i rst  three spectra .  
- 
Better r e s u l t s  were achieved w i t h  M I X T U R E ,  a program t h a t ,  when used 
i n  the area mode, assigns pixels  t o  c lasses  based on user-specified 
s p e c t r a  (somewhat analogous t o  a supervised c l a s s i f i c a t i o n ) .  The 
d is t r ibu t ion  of cover types assigned by the algorithm corresponded well 
t o  the actual d i s t r ibu t ion  when spectra  of only three cover types (green 
S a l i c o r n i a ,  senescing D .  s p i c a t a ,  and mowed dead S. paludosus) were 
specif ied ( F i g .  51, as  % e l l  as when a l l  eight cover-type spectra  were 
specif ied.  The r e l a t i v e l y  fea ture less  residual image (column 5 i n  F i g .  
5 )  supports the in te rpre ta t ion  t h a t  the user-defined spectra  encompassed 
most of the spec t ra l  var ia t ion w i t h i n  the image. When used i n  plot  mode, 
MIXTURE breaks a selected segment of the scene i n t o  its surface compo- 
nents,  by percent, based on user-defined component spectra .  Use of t h i s  
program yielded good correspondence w i t h  ground data when used on areas 
composed of only two dominant cover types (green 2. virginica and 
senescent S. paludosus), b u t  poor r e s u l t s  on more complex par t s  of the 
image. T h e  two vegetation types represent some of the grea tes t  spec t ra l  
divergence of those measured and* suggest that  the spec t ra l  mix ing  was 
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r e s p o n d i n g  t o  changes i n  m o i s t u r e  c o n t e n t  o r  t o  t h e  a r c h i t e c t u r e - r e l a t e d  
shadowing of t h e  c a n o p i e s .  
F i g .  5. R e s u l t s  of M I X T U R E  a n a l y s i s ,  u s i n g  three s p e c t r a  (mowed dead S. - 
p a l u d o s u s  [column 23, g r e e n  S.  v i r g i n i c a  [column 31, s e n e s c i n g  
D .  s n i c a t a  rcolumn 4 1 ) .  C o l u i n  1 is b l a n k ,  and column 5 is t h e  - r - - -  - _  - 
r e s i d u a l ,  or  p i x e l s  whose spec t ra  do n o t  match a n y  of the three 
spectra .  
DISCUSSION 
No d i s t i n g u i s h i n g  narrow-band a b s o r p t i o n  or r e f l e c t a n c e  f e a t u r e s  were 
a p p a r e n t  among t h e  s o i l  or v e g e t a t i o n  t y p e s  a t  t he  w a v e l e n g t h s  s t u d i e d .  
I n  p a r t i c u l a r ,  we examined s e n e s c e n t  v e g e t a t i o n  s p e c t r a  for  e v i d e n c e  of 
cellulose features, but could identify only t h o s e  a l so  p r e s e n t  i n  so i l  
a n d  s u c c u l e n t  g r e e n  v e g e t a t i o n  s p e c t r a .  Examinat ion of the  ground- 
g a t h e r e d  s p e c t r o r a d i o m e t r i c  measurements  collected for  t h i s  s t u d y  r e v e a l e d  
similar r e s u l t s .  The o n l y  d i f f e r e n c e s  i n  AIS s p e c t r a  were broad-band 
b r i g h t n e s s  d i f f e r e n c e s ,  i .e. d i f f e r e n c e s  i n  r a d i a n c e  of p a r t i c u l a r  c o v e r  
t y p e s  w i t h i n  broad wavebands. D e s p i t e  t h e  lack of d i s t i n c t  narrow-band 
s p e c t r a l  d i f f e r e n c e s  i n  c o v e r  t y p e s ,  i t  is e n c o u r a g i n g  t h a t  t h e  broad- 
band b r i g h t n e s s  d i f f e r e n c e s  a l o n e  were s u f f i c i e n t l y  c o n s i s t e n t  t o  p e r m i t  
d i s c r i m i n a t i o n  of v a r i o u s  v e g e t a t i o n  t y p e s .  I t  is u n f o r t u n a t e  t h a t  t h e  
da ta  a c q u i r e d  beyond 1.6pm c o u l d  n o t  be u s e d ,  s i n c e  t he re  is some e v i d e n c e  
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t h a t  d i s t i n c t  spec t ra l  signature features  may e x i s t  between 1 . 6  and 1.9pm 
(Gross and Klemas 1985, 1986; Spanner and Peterson 1986, U s t i n  e t  a l .  
1986, Wood and Beck 1986). 
Our r e s u l t s  suggest t h a t ,  for  vegetation s t u d i e s ,  more consideration 
should be given t o  analysis  techniques designed t o  maximize the extract ion 
of the information contained i n  broad-band brightness differences.  Given 
the apparent s i m i l a r i t y  i n  the shape of infrared spectra of various vege- 
ta t ion  types,  broad-band brightness differences apparently re la ted t o  
cano;iy moisture and/or a rch i tec tura l  geometry may be the most important 
fac tor  i n  vegetation s tudies  u s i n g  infrared data.  We anxiously await 
A V I R I S  data ,  which w i l l  be bet ter  cal ibrated and include information i n  
narrow-band v i s i b l e  wavelengths that  a re  expected t o  be more useful for 
vegetation analyses. 
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